ELE 5294 % Cock'\ng_ﬂ\eor}/ - Lec“ﬁ.are XL

Vi-\rei‘\::'n DecmAln% mQ-\—\r\ F-i.nli-cbe\a;y’

H-ic\:g\\er Order Noulls, and \/ar\is\n{n% Moments,

‘Speé-ra\ Co«\s‘n*air\\s and M‘nn“mum“f);sirance

i,
Vilerks ‘Decoc\lng with an'\lc:‘De\aa _
. mDS : Viles) c:\c:codin% = implemented witha
2 Ll a1t e : Pinite derding delay L. TP the codeword
: ; -~ .,;1: M :11,' - \?\\—3 : (=) +als Yo -‘;\43 c:;n Hhevave =2 n
L« v | \\: : a window ok \el\g\-\-‘n L, then e decoder
= . : : will not be dble bo separate e paralied

-paj.)n%, cach consislend with (=)

Q Wha! is Hhe maximom Qer\%-uw o?ct. N OD
ic\er\-\—ica'ifsym\so\s in the Widmep - Fanas zele

Cod&?

N I T I IO O R

6 1 2 3 4 5 6 78 9 i

time —————




H‘a\\er Order Nolls and \faﬂ{e\\{na Moments

ﬂs more dervatives vanish-dhe spec%um fises ess- mp\cuy Srom- Zero; and —-
a Ud\c:\ei" noll is US&R m GPP tCa.L\DﬂS tecwmn& %rea\er VEQE’C‘\'\OH O\r\' Qou;) o

o __-Fce%e(\cy,componfn-\s__._____ . _
T e oo pessible o incressethe. mintnom - Eoclidenp <ltstance foctmeen

cedewords oy inposing spechal constainds on a Jine code..
Lemma R 4 Al-odd-denvakives. o?-‘-\ne ine cde- SPecx'fofﬂ So(@)-vanish ar

e “PTEC;u-a\cv e
__#,,,,,M—Pmo? - Since R ()= Rg-0) dhe -spec\'mm = -an-cven tonckion oh e

S ) = Z RO M = (=)

AU SIp +

[ Henca =) "@““—' oy = (-@j e

o i[D<=_E;w\—\m’\ The fine code SPcc‘-rui m Sx(eﬁi’\a::‘,c; th ordei‘ 'EFE’:‘T al nofl ot Zzeo )
S -\:?e%et\cy r =, CC‘D O and ¥ c-.=_> (03 =0 ‘}0(" N=t, Z 721(‘7[““ 2

LG \:ounc\aLy G)t\A Mons, i\chJ«&M Oder Spe&m\ Nu\\%

P :xn - K___ e -"’:ﬂ- 1 :xn e e e e e e
— 8 - - — - - - ® s )
Sak Sn-Ktl Sa-y . Bal S

B Debinibion A fnite slale mach i—n—e--csal-i-sgesﬂanm-orc\er“%-'c:o\jwﬂdary—-@r\dik—ioh e
ial zeto ?re%e:\cy Tothere existe a&mcl—ionfl[)—-\:om---l-ke ode-setStothe

- Cbmp\ex num\bers i—‘:uc.‘r\ -H\a.+

X = YZ (—t) & _) ¢(‘5n+1 g

K= i ﬂ(\ orc\er 4. co\aounAmy conc!ujr-\or\ resl—ncjrs RS- to-a ~Eml-<: er% S
_Xa= 4) (om)= ()b(sn) and. By_ﬁ\eo!‘cm F2 every. slrg;\-s;__smsﬂmassog,talgd‘,

, V.Wg__tg%s_f_ge
K w \\—\\ o p(qb\—\colaf‘ "KD% Vo.\oe SO WE Sc.-\— i Z‘:f-n-rb = (lb(snh
i K= 2 RDS-and KOS som-(Rose ) are- resticled o a Bnile —raﬂaew~—~f*—~ e

Loepm oy =a Py + YD) - lenca
flomy-pe)

= o) - 2 Fplond) o TSN

N xz ¢ m) zp(sn.mqb(sf»-a) ¢<sw) -2 N

M

BP9 o NN



Colsoundary (ondi hons (contd 3

- *—_d\ﬂmwg4—%hgwﬂﬂuéﬁ—aﬁﬁa4e&ky—%ﬁ%m@%€%—m&¥aﬁ—
-L\ml—- e Bnite shale machine eal-\s?v an_oider K coboundary condihon ot zero

g‘equei\cy =) (necessary qnd) 'som c;er\l-' St\OT JJ«\e e«\ss\-enas o?a Kih orde(‘ sDechfa.k
ooll W\ ot =ero rre@uency

'F’rcmb The caboundony condibion is_a_conveloben

,
'x(cn\ > .-.-;L(nﬂ Do -il)ew (b{is;‘\.,.'..,_, \(

v
0,9 /

- = (Z Plsmy= i ) (Zﬂvﬂ ‘Mi)éjw) , where m=ni-{

. (/)(u.)\ (1= ._;“"\K )
WNJ‘“S—ZW‘C—#%FWW@#&%N@
Zﬁ*s¢*)‘*-‘ (= /z)l = SUCZ) L
and-Lke KIh oxder spectal ndl is revesled |

K
) ra
\

(12\7

_‘-;‘;Pec‘rm,a Gﬁ‘-‘-‘.l‘i'alif\x—S and Mine mumb?s'\-o.nce

Desmﬁles Kae OD%tan et e bea cead wo\ynbm\aQ wikh K oSS
reuQ rocts, Aok nec es‘san Sishnel “Thea there are of feast K sigh c:\\o.t\aes
m the ScheﬂCE' = o? Coeq;c‘ew\is oD e(D\

j:zm\D See—A-S tuosehdder, Frciplos of Nomenad-Fralysis—

x—ﬁ,‘msrhon % =t O hbesa {ine cde 3@@;-@1-@;1 by ohmle State machine er\
qnworder—lés‘x&fal—ﬁeﬂ—a#—o%% @%es—ochﬁemﬁﬁ_“fﬁm_’
fY‘f‘\ "\l"mf‘?: then %vmmmwaﬁ&dﬁiﬁﬂce—laekeeeﬁ—é«s%@feéwév
is ot Qe&%"'QK

-:me; Wﬁé = X - L&n
Fn-= ‘___ "“) ££%~I~ﬁb—(5m-”> %b(ﬁn'v'. J&)l

<o that e(.Z\; (\!—Z> r ?51.(2) -—?%Cz)j .




'Iﬁx-foc\ocing a Dodble ‘Specjffc& Noll o} Zero Fc-'cau_e_r}C)/_

Exanple A 23-shake fine code-with symbole#1,£3 ard o dosble specialnoll- -~

) ___ql:_zeroj-,\tc%e:\cy e

S _Encoder shales are __.po.i,ts,,,,(yn,,,m.n),_
ross whete Vo isthe ®OS and wnis
T e @)  the RDSS  Tiansmission of n

S0 eyr=— TTauses the shale fmansion

I ROSS shake label .
- o Resibedoanploy o symbol by
N Symbol decoder Hhad- i anores encoder
! ' shale and sinply decides on
- o - - be\@fo@i\ce oir\"‘symbo'\fs medols 4
%o\,vi:\c\x) Qor the Sx'al%onaryhpro\zgﬁ_‘ ll-iC’S
e Set (\*'{(_3;@3,,,5 B_and schve ko
He remciin_fn% g#al—?onaiyz_?m\wb}\ls—ies
) ip ) one ot a-\-imgﬂ. We ‘:—‘md o= "[mgﬁﬁf |
[ ] n
R 2-? 4.p 2p Sxalesmigd_jggigd_by aircles vse
o P 4dp Tp 4p el ] 'H’\C—' %‘?@\b\ O.lx_::v\'\a\)e'\- +| Q(\d_?‘d.g
L 2 =
o 1—-3 :2 -1 2 3  indicoked Ey SQUATES LSe the
S " . . _alhabet {128 or thealphabel
______ . P 1 ..M_u_,,_@,i:b;él,_. e
) | | |
" e .
] - ) _




Deriv ir\%—i—\we %pec‘\‘wrﬂ

RDSS N
3 ifo 3 —2| -2
2 2|6 |6]6 9 —a |3 T
1 12 |16 4 |16 |28 1 R _al_s —
A AR
a=—, 4 | 622|221 02222 6 y A= 4 [ 2] 2 ol 3
A V5 — | —
-1 78 |16 | 4 |16 | 12 1 5 | 2 —a
% —2 51862 s 2 | 2
: -3 0] 4 —3 212 S
-3 -2 -1 0 1 2 3 RDS -3 -2 -1 06 1 2 3 RDS _
b ; Y . v . 49 N ! .
The spaciom So(e) 'S femarkably smple See a T o =0 1 v76.
S @)= (2? ~230sS8 ~5as 10 -5 3 + T4 -t—ccsée)
if -
(ﬂdm@hz@-Le@qusebe&?\/
q.
Tale QD _T(:oc: SPGc\-\‘O\
= L\ /—\
=Pe nl; ‘-—Jx\_t'j/) /
Ls -~
20 CODE SPECTRUM OF 29-STATE
CODE WITH A DOUBLE NULL AT d.c.” '
1.5
e 1,0

0.5

CODE SPECTRUM OF 5-STATE
CODE WITH A SINGLE NULL AT d.c. —

RDS
2
. 4
] 1 i I J :
A'I .0 2.0 3.0 4.0 7 0
-1
_ —2




'c\\}\cr Qd&?mﬂﬂ;ﬂgbi%ljfaﬂ Soms

fm (-xn) -enobles. onalysis o?- E‘:pec\'ra\ nui\s ot = 'F’ss/ 9- “where- re. sthe

eymbc\ -Vreq/uency

e 'R‘D%_\,_ (xa) = RDS _T_(acnj Z_ ;0 <, whee w=e= /i -
- -WD% (It\w Z_ 'FZDS ('-"Cf\) T - -
- - S s : I
B A - v-»--'KDS%-—:-—ZL:O <n+k_‘ > e — _
: ) {The ’Pfczc? L;SE':": indoation cmd <tandard binomial denbities
Examp\e _R'TJS (In) Z (nH -L) X,
—- DiWera\ce-—Eveﬂt-—Qen}:-—(ﬁ'xn}--rcans— — e
= S O i S — S ——
o< -
- %o_ %‘ PR ,M&n J— S
- ) ety o s oo - ll‘
— — \/qnls\umg Momeﬂ-\ﬁ ——
'KDSt (ea)=- feo i—i\t\e de- .uo‘ ha- -ritssr order- spegﬁa\ ol ﬁa'\" ?—w-@v-—--——-—-—--— —
TREDS T \en} Qﬁ-ror o Q\ne code- uuu-\—\\{l kth- o(‘def‘f:\;ec)'ra\_m)\\ a‘\' L
rder K “Mowent ox +—'PX;/2 o WM [ENNE Z_ ukcob"écL '"'
wd
e *-—-"—'lr-\’\emef(\ QL "The -‘—\o\\cmmc& -are e?u_wo. ei\"r"
w(a§:bisgcqate-——%-a\-\--m\--sk $M
--------------- ¢ bﬁ—“mg—“(-x@ o trall-o sk M-L —
““““““““““““ ,)05; Shaek S @) S(EY . T
e <vcﬂ Z (M LS
. b .S _ﬂ (et B € RA Y _(Jbt'_xb . .
(kﬂ‘ Z )
L be\?me &nc_%ms EMROETS Foe 14 1ek \W
- r\.t-k \-' ) Z % (n\) > AT e




Vani e\m'ﬂ% Moments and S'pxsﬁa.\ Nolls

“ﬂﬁc‘k Loogm N S—-k Y A\!-‘ / = / N\ ‘\' AL VRV, {,M\
Koo W)= 22 (W74} ‘3 =0 e M O L W S )
£ =l 's:
)
l
!
e =7 e o NN Y\Ac SN e Mo A Ay =
R E r\_)gl\_&[\) — { l‘\¥&'¢.ﬁ} kvso\._ll } ;\"-H} Q‘\ ¥ S

=> M- (—_—x—;\}—=¢3

L1

— i, \ \ 4
g couzec.\\mis S D)’ Step e G.(n\’c aT U5
(L\ (ﬂ ‘J &L r.-_\\,.. ATy D Wy (‘_‘4(\

\Uj ddg\ O ST O )

VR o W w2 A L. \ {) 1 4 L
mmtem LR Fadesiae nodhie geees a Ge eade o o K oided

Epeéq&l—ﬁe\l—&-\—!‘;rs;—aﬁé—eﬁxy—« %ﬂﬁ%%_@eﬂ#@—u\eﬁdﬁm

momen%s M‘-(e\ vanish Yob K= =\ e

(3




